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Fig. $i$ Illustration of the plane Couette flow system. $x,$ $y,$ $z$-directions are referred to as streamwise, spanwise,
wall-normal directions, respectively.
$u=(u_{x}, u_{y}, u_{z}),$ $P$ $(x, y, z)\in[0, L_{x}]\cross$
$[0, L_{y}]\cross[-1,1]$
$h$, $U_{0}$ , $U_{0}^{2}p$ ($\rho$ ).
non-slip, (x-y) (x-) (y-)
$L_{x}=1.755\pi,$ $L_{y}=1.2\pi$
$Re=400$ :
$\psi(x, y, z)=\sum_{k=-KM}^{KM}\sum_{l=-LM}^{LM}\sum_{m=0}^{MM}\hat{\psi}_{(k,\iota,m)}Ie^{i(\alpha kx+\beta ly)}T_{m}(z)$ $\alpha=2\pi/L_{x},$ $\beta=2\pi/L_{y}$
$KM=8,$ $LM=8,$ $MM=32$ $N$
$N=19074$
$f^{t}$ : $\mathbb{R}^{N}arrow \mathbb{R}^{N}(t\in \mathbb{R})$ $x(t)\in \mathbb{R}^{N}$ $x(t)=f^{t}x(0)$
$x(t)$ u( $(t)(j=1,2, \cdots, N)$ $u^{(j)}(t)=Df^{t}u^{(j)}(0)$
$Df^{t}$ $N\cross N$ $j$ $\lambda_{j}(\lambda_{1}\geq\lambda_{2}\geq\cdots\geq\lambda_{N})$
$\lambda_{j}=\lim_{Tarrow}\sup_{\infty}\frac{1}{T}\ln||Df^{T}u^{(j)}(0)||$ , (3)
$\{\lambda_{1}, \lambda_{2}, \cdots, \lambda_{N}\}$ $u^{(j)}(t)$




cycle ( ) $\omega_{x}$
$(z\sim 0)$ Fig.3 $z=0$




Fig.2 Lyapunov spectrum $\lambda_{j}(j=1,2,3, \cdot, 30)$ of the minimal Couette turbulence. There are four positive
Lyapunov exponents and three zero Lyapunov exponents. The maximum Lyapunov exponent is $\lambda_{1}=0.021.$
The Lyapunov dimension is $D_{L}=14.8$ and the Kolmogorov-Sinai entropy is $h_{KS}=\backslash$ 0.048.
$( \cdot\rangle_{H}=\frac{1}{L_{x}L_{\nu}}\int_{0}^{L_{\nu}}\int_{0}^{L_{*}}\cdot dxdy$ . 3
regenerafion cycle “ ’ $T\sim 100$
3 Fig.3 $\sqrt{\langle\omega_{x}^{2}\rangle_{H}}$ 3
$\sqrt{\langle\omega_{x}^{2}\rangle_{H}}$ 2 regeneration cycle
Phase (i) Phase (ii) 1 Phase (i) $2730\lessapprox t\lessapprox 2760,$




$\mu=0.019$ (Kawahara (2009) [3])
( ) $D_{L}=14.8$ -
$h_{\kappa s}=0.048$
Regenerafion cycle Fig.3
$\tilde{\lambda}_{j}(x_{0}, \tau)=\frac{1}{\tau}\ln||Df^{T}u^{(j)}(0)||/||u^{(j)}(0)||$, $\tau$ $\tau=1$
Fig.3 $\tilde{\lambda}_{j}(j=1,2,3,4)$
$2730\leq t\leq 3030$ $( ; i=1, ; j=2, ; j=3, ; j=4)$.
Fig.3 RMS $\sqrt{\langle\omega_{x}^{2}\rangle_{H}}$ Phase (i)
$(\tilde{\lambda}_{j}>0)$ , Phase (ii) $(\tilde{\lambda}_{j}\lessapprox 0)$




Fig.3 [Upper panel] Time series of the local Lyapunov exponents $\tilde{\lambda}_{j}$ for $j=1$ (red solid line), 2 (green dotted
line), 3 (blue dashed dotted line) and 4 (pink dashed double-dotted line). [Lower panel] The horizontal’ RMS
of streamwise vorticity $\sqrt{(\omega_{x}^{2}\rangle_{H}}$ at the mid-plane $(z=0)$.
$\tau$ Fig.4 $\tau$ Aj $(t_{0}, \tau)$
Fig.4(a) $to=2730$ (Phase (i) ) Fig.4 (b) $to=2760$
(Phase (ii) ) $(j=1,2,3,4)$ . Phase (i) $\tau\simeq 30$
$(i.e. t_{0}+\tau=2760)$ (Fig.4 $(a)$). Phase (ii)
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Fig.4 Finite time growth rate $\Lambda(t_{0}, \tau);(a)t_{0}=2730,$ $\phi)t_{0}=2760$ for $\tilde{\lambda}_{j}(t)$ for solid line (red): $j=1,$
dotted line (green): $j=2$, dashed dotted (blue): $j=3$, and dashed double-dotted (pink): $j=4$. The black
dot horizontal line denotes $\Lambda_{j}(t_{0}, \tau)\equiv 1$ (i.e. nutral).
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